The diet of the greater forkbeard Phycis blennoides (Brünnich, 1768) of the Algerian coast was studied between December 2013 and June 2015, providing information on its ecology for a better understanding of the feeding strategy. A total of 956 individuals, whose total length (TL) varied between 9.7 and 54.5 cm and weight (W) between 2.80 and 1334.11 g, were examined. The index of relative importance (%IRI), combining the three main descriptors of the presence of different ingested prey (%F, %N, %W), was used to characterize the relative importance of different food taxa. Qualitative and quantitative variations in diet were studied according to sex, size and seasons. The average annual digestive vacuity index (%V) was 5.51. It did not vary between seasons (x² cal = 5.43, x² th = 7.82, α = 5%) and size (x² cal = 2.08, x² th = 5.99, α = 5%), but was different between male (%V = 4.94) and female (%V= 12.78). Qualitative analysis of stomach contents reveals a fairly diverse range of predation with 1342 preys counted for a total weight of 462.84 g, which corresponds to an average number (AN) and weight (AW) of 3.03 and 1.04 g, respectively. This species feeds on benthic preys, composed mainly of natantia crustaceans (%IRI = 44.84) and teleost fish (%IRI = 2.61) with intraspecific preys (%IRI = 6.15). This cannibalism was frequent in specimens with a TL that exceeds 20 cm; it was even more frequent in females as well as in winter. Significant differences in feeding habits of P. blennoides occurred according to sex, fish size and between seasons. The trophic level (TROPH) was high (3.66 < TROPH < 3.97), corresponding to carnivorous character.
INTRODUCTION
The greater forkbeard Phycis blennoides (Brünnich, 1768) frequents the Mediterranean Sea (Cohen et al., 1990) and Northeast Atlantic (Clarke, 2005) . It is a nectobenthic (Sorbe, 1977; Stergiou and Karpouzi, 2002 ) and a dispersed fish (Clarke, 2005) whose size can reach 110 cm in total length (Cohen et al., 1990) . This deep fish species frequents muddy bottoms, but also sandy bottoms, occasionally found at 10 m in depth (Cohen et al., 1990) . It is generally sought over a large portion of the continental slope by means of trawling and longline by commercial fishers (Matarrese et al., 1998) between 200 and 1300 m (D'Onghia et al.,2004; FernandezArcaya et al., 2013) , and reached 1850 m (Rotllant et al., 2002) . The maximum abundance of this species was stretched in the 200-400 m depth stratum (Massuti et al., 1996) . Indeed, its commercial value is low (Sorbe, 1977; Morte et al., 2002) , considered as "Least Concern" (AbdulMalak et al., 2011) and "Data Deficient" (Garcia, 2015) in the IUCN red list of marine fish species in the Mediterranean. Phycis blennoides is captured from artisanal fisheries by shrimp trawlers in the exploitable zones of the Algerian coast. It is mainly known for its organoleptic quality and its high commercial value (11) (12) (13) (14) (15) ) in the central region of Algeria. The presence of this species is very sporadic on the Algerian market, and the landed quantities are limited in space and time. These rare landings are possibly linked to the low frequency of occurrence in the natural environment, because of abiotic and biotic variations, or because of fishing gear accessibility or overexploitation. Only the reproductive biology was studied in western Algeria (Benghali et al., 2014a; 2014b) . However, this paper aims to meet the need for information on Phycis genus in the south Mediterranean. In particular, we provide here the first complete study on the variation of the diet composition of P. blennoides in the Algerian coast for a better understanding of its trophic relations. In addition, the trophic level of P. blennoides and the cannibalism were studied.
MATERIAL AND METHODS

Sampling
Sampling of P. blennoides was carried out on 956 specimens ranging between 9.7 and 54.5 cm in total length (TL) and weighing (W) between 2.80 and 1334.11 g. Samples were collected monthly from commercial fisheries between December 2013 and June 2015 along the Algerian coast (Fig. 1) . According to fishermen of the Algerian ports, P. blennoides was captured by longlines and mostly by bottomtrawl between 100-1300 m. In the laboratory, total length (cm) and total weight (g) were measured for each specimen. The sex was determined according to Rotllant et al. (2002) criteria. The stomach of Index of Relative Importance: (Pinkas et al., 1971) . Percentage Index of Relative Importance: (Cortes, 1998; Liao et al., 2001) . The prey classification of the food spectrum is performed by Pinkas et al. (1971) . Foods are then ranked by descending order according to the value of the index percentage obtained (Rosecchi and Nouaze, 1987; Liao et al., 2001) . The Spearman coefficient (ϼ) (Fritz, 1974 ) is applied to index percentages (%IRI) to compare the trophic compositions (sex, size, season) in order to test if foods are ingested in the same proportions. The concordance is verified by applying the following formula: d: arithmetic difference between ranks assigned to the same item by the two judges or on two variables; n: total number of items to be classified. Preys were ranked in descending order of the IRI index to obtain two matching series. The number rank must be the same in both samples, so that if one of the categories of taxa does not appear in any of the samples, it is still assigned a rank. If the percentage of relative importance index is identical within the taxonomic series, we assign each item to a common rank, which will be the average of ranks that preys would have been if there was no tie. Statistical significance is known through the distribution of Student's t-test at n-2 degrees of freedom (Dagnelie, 1975) . The diversity index of Shannon-Weaver H' (Shannon and Weaver, 1964) allows identifying the diversity of prey in the power supply:
, P i : proportion of IRI (IRI i / ΣIRI) represented by every prey species i.
Trophic level
The trophic level (TROPH) was estimated as follows : TROPH = 1 + DC ij x TROPH j where TROPH j is the fractional trophic level of prey (j), DCij is the fraction of j in the diet of i and G is the total number of prey species. TROPHs were calculated for each dataset based on the full array of prey items in the diet (Stergiou and Karpouzi, 2002) . The position of organisms within the food webs (TROPHs) and their standard error (S.E.) were estimated from the gravimetric abundances of prey (%W) using the quantitative approach of TrophLab. The square root of O.I. is the S.E. of the TROPH (Christensen and Pauly, 1992a; 1992b) .
RESULTS
In the total of 956 individuals of P. blennoides, 720 had full stomachs, 42 were empty corresponding to a low average vacuity (%V = 5.51) and 194 were everted. This phenomenon was observed in all size range (Fig. 2) . These stomachs were excluded from trophic index calculations (%F, %N, %W, IRI, %IRI) because their contents were expulsed. Then, the regurgitation of 20.29% stomachs was caused by the dilatation of the swim bladder. Out of a total of 720 full stomachs, 278 were much degraded and the qualitative analysis was possible on only 442 full stomachs given to the state of advanced digestion. A total of 1342 prey were identified with an overall weight of 462.84 g. This corresponds to an average number and weight of prey per stomach of 3.03 and 1.04 g, respectively. In total, 24 species were identified (Table 1) . 16 carcinological species, 3 teleost fish species, a cartilaginous fish, 2 cephalopods and one species of Polychaeta and plant were numbered. The trophic level of the total population was 3.94 units (S.E. = 0.67, O.I. = 0.82) ( Table 2 ). The trophic level values indicate that this species could be considered carnivorous, regardless of the sex, size and seasons with a preference for decapods and fishes (3.66 < TROPH < 3.97; 0.79 < O.I. < 0.83) ( Table 2 ). The natantia decapods are preferred prey (%IRI = 44.84), specially represented by shrimp Parapenaeus longirostris (%IRI = 22.92) and Alpheus glaber %IRI = 18.84), followed by parasite nematodes (%IRI = 15.34). The reptantia decapods are also consumed in large quantities (%IRI = 13.03), especially Calocaris macandreae (%IRI = 12.08). Teleost fishes are also preferential preys (%IRI = 10.91). P. blennoides seems to show cannibalistic behaviour since the fish prey is essentially represented by P. blennoides (%IRI = 6.15). This species accidentally expanded its food spectrum to other = 3.84; α = 5%) in females (V = 12.78%) than in males (V = 4.94%) (Fig. 3, Table 3 ). Both sexes have dietary preferences for C. macandreae and A. glaber with different proportions of number and weight. Fish prey are better represented in females (%IRI ♀ = 29.28) than males (%IRI ♂ = 17.33) with a cannibalistic behaviour in both sexes but higher in females (%IRI ♂ = 9.53, %IRI ♀ = 19.45). Qualitatively, the Shannon-Weaver index indicates in both sexes a similarity in diversity of prey ingested (H' = 3.31) (Table 3) . Quantitatively, males ingest twice as many voluminous prey as females (An ♂ = 15.28, Aw ♂ = 8.05 g; An ♀ = 6.44, Aw ♀ = 4.45 g) ( (ϼ = 0.252, t obs = 1.536) and small-large (ϼ = 0.416, t obs = 1.855, α < 0.05), which means that the diet of small fish is different from those of medium and large-sized fish. No significant differences in the vacuity of P. blennoides were observed (x² cal = 5.43, x² th = 7.82, α = 5%) among the four seasons (Figure 3) , however, this species feeds without disruption. The lowest vacuity is recorded in spring (%V = 1.61) and the highest in winter (%V = 8.46) ( (Table 3 ). The Spearman correlation coefficient confirms the heterogeneity of the diet between the four seasons (autumn-winter/winter-spring: ρ = 0.208, t obs = 1.411, spring-summer: ρ = 0.252, t obs = 1.536, autumn-summer: ρ = 0.184, t obs = 1.333, α < 0.05).
DISCUSSION
The diet of P. blennoides in the Algerian coast consists mainly of crustaceans (in particular natantia) and teleost fishes. The proportion of reptantia crustaceans and other taxonomic groups (nemathelminthe, annelids, chondrichthyes, molluscs, isopods, amphipods, vegetal) in the diet of this predator is very accessory. This specialization on carcinological and ichthyological prey is observed in other Mediterranean populations (Macpherson, 1978; Morte et al., 2002) . Moreover, this species was described as carnivorous and euryphagous (Sorbe, 1977) . The main target preys are natantia (P. longirostris and A. glaber) and reptantia decapods (C. macandreae). A. glaber and C. macandreae preys are mainly described in this species but with very different numerical and biomass quantities according to the study zones (Sorbe, 1977; Macpherson, 1978; Sartor, 1995; Morte et al., 2002) . Mysids are negligible prey along the Algerian coast but are considered essential in the population of the Gulf of Valencia, notably the species Anchialina agilis and Lophogaster typicus (Morte et al., 2002) . Otherwise, all the studies on the diet of P. blennoides (Sorbe, 1977; Macpherson, 1978; Sartor, 1995; Morte et al., 2002) show that the specific richness of crustaceans is between 75% and 95% of the total species identified in the stomach contents. The seasonal ontogenical and sexual variability in the P. blennoides diet reflects changes in prey availability and therefore an opportunistic feeding scenario. However, the data obtained in this study show that the dietary of the greater forkbeard differs qualitatively and quantitatively compared to those of other gadiforms, such as Phycis phycis (Morato et al., 1999) , Gadus morhua (Magnussen, 2011; Krumsick and Rose, 2012) , Merluccius merluccius (Sartor, 1995; Carpentieri et al., 2005; Stagioni et al., 2011; Philips, 2012; Abdellaoui et al., 2014) and Merlangius merlangus (Ross et al., 2016) . Overall, fluctuations of vacuity values might depend on many factors, such as the nychthemeral period (diurnal and/or nocturnal captures), size of sample, technique and depth of sampling, hydrological conditions, water temperature and biological and physiological status of fish (state of gonad maturity or spawning period, digestion state of preys, everted and regurgitated stomach rate). The digestive vacuity of this study remains low (between 1.6 and 8.4% for the total population) and seasonal variations are not statistically significant with a higher value in winter (%V= 8.4) . Similar values were observed in the Gulf of Valancia (Spain), an average vacuity of 7.8% reaching a maximum of 11.92% in winter (Morte et al., 2002) . Also, during spawning time fish need more energy input in order to meet the reproduction requirements . This finding agrees with the present results where the highest percentage of vacuity index was recorded during spawning season, which may be due to the need of energy for spawning as mentioned by Matarrese et al. (1998) in winter. The low values of the recorded vacuity index reflect the high trophic activity of P. blennoides along the Algerian coast which feeds continuously throughout the year, with a slight slowdown due to the reproductive process. These significant variations in vacuity during the breeding season are observed in many teleost fishes on the east coast of Algeria: Sparidae (Chaoui et al., 2005 , Benchalel et al., 2010 , Moronidae (Kara and Derbal, 1996) and Serranidae (Zaidi et al., 2017) . Concerning the fish size, we did not perceive any significant variation of the vacuity (%V) of P. blennoides but it varies with sex. Females seems more affected by the decrease of feeding activity than males, because they prepare themselves for the reproductive process which needs a lot of energy reserves to produce eggs and reach the maturity later than males (Rotllant et al., 2002) . Everted stomachs caused by swim bladder expansion during rapid decompression (DeMartini et al., 1996) are a common characteristic in phisoclistous fishes, particularly gadiforms (Bowman, 1986) . In this study, 20.29% of everted stomach were noted due to the difference of absolute pressure in the environment (depth and shallower) during the fishing. Similar value was observed by Morte et al. (2002) in the Gulf of Valencia (%V=25.2%). This phenomenon is also observed in various marine and freshwater families, e.g. Esocidae (Treasurer, 1988) , Lutjanidae (DeMartini et al., 1996; Justine et al., 2012) , Moronidae (Sutton et al., 2004) , Sparidae (Smrzlićet al., 2012; Pekmezci et al., 2014) , Scombridae (Casti et al., 2017) and Serranidae (Dierking and Meyer, 2009; Justine et al., 2010a; Kouassi et al., 2010; Rachedi et al., 2018) . From the numerical and biomass values, P. blennoides of the Algerian coast ingests a large quantity of voluminous prey in summer, however, Morte et al. (2002) observed voluminous preys during both summer and autumn. According to sex, males of the greater forkbeard are more voracious. They ingest a larger amount of voluminous prey conversely to females. Concerning fish size, a decrease in the number of prey with fish size was observed, then an increase of their mass with an increased fish size. However, Morte et al. (2002) also found that larger individuals than TL > 17.5 cm ingested more voluminous prey. Similar situation was observed in the Bay of Biscay, where the frequency, numerical and volumetric importance of preferential prey (natantia crustaceans, teleosts) increased with the growth of individuals (Sorbe, 1977) . Consumption of conspecific individuals in teleosts is a common and widespread phenomenon in marine and freshwater ecosystems (Preciado et al., 2015) . In this study, cannibalism has been confirmed, especially in individuals which exceed 20 cm in TL. This phenomenon is even more relevant in females and during winter. This behavior was reported accidentally in other Mediterranean populations (Macpherson, 1978; Morte et al., 2002) and can be considered as a population survival mechanism when resources are scarce in the environment (van den Bosch et al., 1988) ; it also serves as an important recruitment control factor (Uzars and Plikshs 2000; Claessen et al., 2004) . This conspecific predation is considered to be a regulating factor in the density of natural populations (Fox, 1975; Uzars and Plikshs, 2000) and cultured populations (Hecht and Pienaar, 1993; Baras and Jobling, 2002; Puvanendran et al., 2008; Pereira et al., 2017) . There is a lack of information on mechanisms that constrain this adaptive phenomenon (Preciado et al., 2015) . In some cases, filial cannibalism has been related to an adaptive strategy in which parents consume some offspring to increase their future reproductive success (Klug, 2009 ).
In this study, the rare landings of P. blennoides can be explained by this intraspecific predation which occured because of the low availability of food and unfavourable life conditions. The nematodes found in the stomach contents of P. blennoides were in larval stage. On the west coast of Algeria, Hassani and Kerfouf (2014) (Farjallah et al., 2006) . These Nematodes have been reported in many commercial fish species with different prevalence (Justine et al., 2010a (Justine et al., , b, 2012 Khlifa et al., 2013; Moravec and Justine, 2015; Shamsi et al., 2015; Casti et al., 2017) . Most likely, nematodes of our study were not targeted directly by this predator but accidentally ingested with parasitized prey. These larvae are morphologically similar to Anisakidae and did not exceed 42 mm TL (average length = 20 mm). In the study area, P. blennoides occupies an important role as a top predator in the trophodynamics of the fish community. It has a carnivorous character regarding the high value of the trophic level. Similar feeding habits have been reported in the Mediterranean basin as well as around the Balearic Islands (TROPH = 3.77 ± 0.63) (Macpherson 1978; 1981) . Further studies are needed to create a better understanding of the digestion process and nutrient absorption of P. blennoides. Additional information on its growth, sexuality in addition to the health status could identify the possible cause of its rare landings. Moreover, the exploitation rate would also be needed for a better management of natural stocks of P. blennoides along the Algerian coast. The diet analysis reveals the existence of similar habitats using associations between ecological and environmental factors and their resource (Bjornsson et al., 2011) . Using data of many years, the feeding habits of the greater forkbeard during the spawning could have implications for abundance surveys, multispecies approaches, considerations about gear efficiency and bioenergetic models of cannibalism using prey size preference, and could improve the scientific basis for management of the complex mixed fishery of the greater forkbeard in the Algerian area.
SAŽETAK
SASTAV ISHRANE I TROFIČKA RAZINA TABINJE BJELICE Phycis blennoides (GADIFORM: PHYCIDAE) NA ALŽIRSKOJ OBALI U razdoblju od prosinca 2013. do lipnja 2015. istraživan je sastav ishrane tabinje bjelice Phycis blennoides (Brünnich, 1768) na obali Alžira pružajući informaciju o ekologiji vrste te pridonoseći boljem razumijevanju strategije njenog hranjenja. Analizirano je ukupno 956 primjeraka čija je totalna dužina (TL) varirala između 9,7 i 54,5 cm i mase (W) između 2,80 i 1334,11 g. Za obilježavanje relativne važnosti različitih taksona u progutanoj hrani, korišten je indeks relativne važnosti (%IRI) kombinirajući tri glavna deskriptora prisustva različitog progutanog plijena. Kvalitativne i kvantitativne varijacije u ishrani proučavane su prema spolu, veličini i godišnjim dobima. Prosječni godišnji indeks praznine crijeva (% V) je bio 5,51. Nije varirao između sezona (x² cal = 5,43, x² th = 7,82, α = 5%) i veličine (x² cal = 2.08, x² th = 5,99, α = 5%), ali je bio različit između mužjaka (%V = 4,94) i ženki (%V= 12,78) . Kvalitativna analiza sadržaja želudca otkriva prilično raznolik raspon predacije s izbrojana 1342 plijena ukupne mase 462,84 g što odgovara prosječnom broju (AN) i masi (AW) od 3,03 odnosno 1,04 g. Ova vrsta se hrani bentoskim plijenom, uglavnom sastavljenim od rakova plivača (natantia) (% IRI = 44,84) i riba košunjača (% IRI = 2,61) te s intraspecifičnim plijenom (% IRI = 6,15). Ova pojava kanibalizma je česta kod primjeraka s TL koja premašuje 20 cm a još je češća kod ženki u zimskom periodu. Značajne razlike u prehrambenim navikama P. blennoides javljaju se prema spolu, veličini ribe i godišnjim dobima. Trofička razina (TROPH) bila je visoka (3.66 <TROPH <3.97), što odgovara karnivornom karakteru vrste.
Ključne riječi: hranjenje, Phycis blennoides, kanibalizam, trofička razina, alžirska obala
